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XIV. ^ Letter from the Rev, Mr. Richard 
Dunthorne to the Reverend Mr. Richard 
Mafon F. R. S. and Keeper of the Wcod- 
wardian Mufeum at Ca.mbridgQ i concernmg 
the Acceleration of the Moon, 

SIR Cambridge, Feb. 28, 1748-9. 

Head June 1. A FTER 1 had compared agoodNum- 
>749- /jl. ber of modem Obfervations made 

in different Situations of the Moon and of her Orbit 
in refpeft of the Sun, with the Newtonian Theory, 
as in my Letter of Nov.%, 1746;! I proceeded to 
examine the mean Motion of the Moon, of her Apo- 
gee, and Nodes, to fee whether they were well re- 
presented by the Tables for any confiderabie Num- 
ber of Years, and whether I mould be able to make 
out that Acceleration of the Moon s Motion which 
Dr. Halley fufpecled. Vide Phil. Tranf. ». 218. 

To this End I compared feveral Eclipies of the 
Moon obferved by Tycbo Brake, as they are fet down 
in his Progymnafmata, p. 1 14, with the Tab'.es *, and 
found them agree full as well as could be expected ; 
conftdering the Imperfection of his Clocks, and the 
Difficulty "there muft commonly have been in deter- 
mining the Middle of the Eclipfe from the Facts ob- 
fervecC as publifhcd in his Hiftoria Cu'lf-fiis. Indeed 
the fmall Diftance of Time between Tycho Brake 



+ See thefe Tranfeci. No. 48;. p. 412, 

* My Tables corrected zs in my former Letter 5 which t? ~u 
ways to be underfiood cf the Tables meinioii'd in this, 
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and Flamfleea render'd Tychos Obfervations but of 
little Ufe in this Enquiry. 

The next Obfervations that occurred to me were 
thofc of Bernard Walther and Regiomontantts, which 
being at double the Diftance of Time from Flamfteed 
that Tychos were, feemed to promitc fome Afiift- 
ance in this Matter : Upon comparing fuch of their 
Eclipfcs of the Moon whofe Circumftances are bed 
related with the Tables, I found the computed Places 
of the Moon were moftly j' too forward, and in 
fonie confiderably more, which I could hardly per- 
fuade myfelf to throw upon the Errors of Observa- 
tion 3 but concluded, that the Moon's mean Motiou 
ilnce that time, mud have been fomething fwifter 
than the Tables reprefent it $ though the Difagrec- 
mmt of the Obfervations between thcmfelves is too 
great to infer any thing from them with. Certainty 
in fo nice an Affair. 

Then I compared the four well-known Eclipfcs 
obfervcd by Albategnius with the Tables, and found 
the computed Places of the Moon in three of them 
confiderably coo forward : This, if I could have de- 
pended upon the Longitude of Ara&a* would very 
much have confirmed me in the Opinion, that the 
Moen*s mean Motion mult have been fwifter in 
fome of the laft Centuries than the Tables make it; 
though the Differences between thefc Obfervations, 
and the Tables, are not uniform enough to be taken 
for a certain Proof thereof. 

I could meet with no Obfervations of Eclipfesto 
be at all depended upon between thofe of Regio- 
montanm and Albategnias, except two of the Sun 
and one of the Moon made at Cairo in Egypt, 

X 2 related 
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related in the Prolegomena to Tycho Brahe's Hijloria 
Coeleftis, p. 34; nor any between thofe of Alba- 
tegnius and Ptolemy, befides the Eclipfe of the Sun 
obferved by Theon at Alexandria*, notwithftanding 
I carefully fearched all the Remains of Antiquity I 
could find with that View. Thcfe Eclipfes of the 
Sun are the more valuable, becaufe they were ob- 
ferved in Places the Longitudes and Latitudes whereof 
are determined by Moniieur Chazelles of the Royal 
Academy of Sciences \ who was fent by the. French 
King in the Year 1693, with proper Inftrumcnts for 
that Purpofe. "Du Hamel Hiji. Acad.p.^o^ } 3^5. 

The foiar Eclipfe obferved by Theon was in the 
1 1 2th Year of Nabonaffar the Day ofThoth, accord- 
ing to the Egyptians] but the 2 2d Day of 'Pauni, 
according to the Alexandrians : He carefully ob- 
ferved the Beginning of 2 temporal Hours and 50' 
Afternoon, and the End at 4-^ Hours nearly After- 
noon at Alexandria. Theonis Comment, in TtoL 
mag. Conftruff. />• 33*- This Eclipfe was June 16, 
in the Year of Chrift 364: And the temporal Hour 
at Alexandria being at that time to the equinoctial 
Hour as 7 to 6, makes the Beginning at 3 equinoctial 
Hours and 18' Afternoon, and the End at 5 equino&ial 
Hours 15' nearly. 

The Eclipfes obferved at Grand Cairo were as 

follows. 

<c AnnoHegira 367, die Jovis, qui erat 28, rabie 
•< pofterioris (is eft ordine menfis quartus, et incipit 
" illc annus Saracenicus die ip Augufli, anno Chri- 
" ftiano 9J7) obfervatum fuit Cahira in<^y£gypti 
il metropoli initium eclipfis folaris, cum altitudo lolis 
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cc cffet if" 43 / . quantitas obfcurationis 8 digit. Ea 
" finita, fol clevabatur 3 3t<^- ^ Schickardo in 
u MS/' This Eclipfe was 'Decemh. 13, in the 
Year of Chrift 977, the Beginning at 8 h 2f> and the 
End at io h 45' apparent Time in the Morning. 
" Anno eodem die Sabbathi, videlicet 29 menfis 
Syjual (numero decimi, qui Pafchalis eft eorum) 
eclipfis Solis occupavit digitos j\. In principio 
Sol altus fere f6*. In fine Sol occiduus elevaba- 

" tur gradibus 16. Ex Schickardo in MS." • 

This Eclipfe was June 8, in the Year of Chrift 978. 
The Beginning at 2 h 31', and the End at 4* 50' 
apparent Time Afternoon. 

" Anno Hegirx 368 (qui incoepit die 9 Augufii, 
anno Chriftiano 97 S-) die Jovis, 14 Sywal y Luna 
" fuit orra cum defectu, qui* ad f\ digitos accrevit ; 
cum extaret fupra horizontem gradibus ctiam 26 
fubaudio finem tunc accidiffc). Schickardus."-— 
This Eclipfe was May 14, in the Year of Chrift 9791 
but as the Middle cannot be known from what was 
obierved of it, I made no ufe thereof in this Enquiry. 
The Account concludes with the following Para- 
graph : 

Hx tres obfervationes habita: funt ab Ibn-Juni$, 
qui juilu Regis Abu-Haly Alma?tzor, fapientis, 
<L/Egypto tunc Imperamis, rebus vacabat coelef- 
tibus. Hujus authoris tabulas habet Jac. Golius 
Profcflbr Lttgdun. (qui mihi inde cornmunicavit 
<c ifla) in quibus plures alisc, fui et fupcrioris xvi ob* 
" fervationes extant. Locus obfervationis propinquus 
€i urbi Cahiro. Schickardus" 
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That the before-mention'd folar Eclipfes might be 
applied to the Examination of the Lunar Motions, 
I contrived the following Method ; which I think ren- 
ders Eclipfes of the Sun as ufefui at lead as thofe of 
the Moon are in that Bufinefs. 
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Let ^BCin the annexed figure rcprefent half the 
Earth's enlightened Disk, AECa Portion of the Eclip- 
tic projected thereon FGH the Path of the Moon's 
Shadow over the Disk, EI, the univerfai Meridian, «, 
the Situation of the Place at the Beginning of the 
Ectipfe, /3 its Situation at the End thereof, £ the Cen- 
tre of the Shade at the Beginning, and g its Centre 
at the End of the Eclipfc. Draw EG, a £, and 
/Si,, perpendicular to the Path of the Shadow, (By 
parallel thereto j join *£ and /3e, and through «, 
draw 8ai perpendicular to A C. 

Then (computing the true Places of the Sun and 
Moon at the oblerved Times of the Beginning and 
End of the Eclipfe) we (hall have given $ g the Mo- 
tion of the Moon from the Sun in her Orbit during 
the Time of the Eclipfe, and * «T = |2 « the Scmidia- 
meter of the IPenum&ras which are to be reduced 
into fuch Parts as the Scmidiametcr of the Disk con- 
tains 
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rains ioooo: The Angles BE I and BEG, being 
found by Methods commonly known, GE1 their 
Sum or Difference will be like wife given. Alio Ex 
and E>3 will be Sines of the Sun's Altitude ar the 
Beginning and End of theEclipie icCoedively ^ IE% 
and IEj3 are the Angles at the Sun between the 
Vertex of the Place and the Pole of thofe Times 5 
which being found, the Angle *£$, their Difference 
will be known, from whence the Line <x,3 and the 
Angle Ectfi may be computed. 

The Angle GEcc is the Sum or Difference of the 
known Angles GEI and lExi In the Figure before 
us, the Complement of this to a Semicircle is Exy; 
which being fubtra£kd from ExB leaves the Au*de 
yx$, from whence and the Line « ; 5, a>, and y$ = 
£n may be found. 

Let a=£e—*n t b=xl=fa c=xy, and x= / S«=q / ^. 

Then V^ — #*=}?«, and V ££ — re — 2 f x — x*=;f £, 
by £wf/. 1.47. 

Confequemly *-V Tb^x~x'=V bb—cc—z cx=xx 
which being reduced, gives us the quadratic Equation 
xx-^-rxzr: _„__-__. This Equation folved, 

gives us the Value of x, from which s? and n will 
be likewik had. In the Triangle «£& we have a £ 
and the Angle ?xtj=SEB given, whence «S and £6 
may be found : Confequcnt'.y sb will be known; 
and from the obferved Time of the Beginning of 
the Eciipfc, and hourly Motion of the Moon from 
the Sun, the Time when the Centre of the Shade 
is at 6 will be had. Laftiy, in the Triangle Eix, 
we have given the Side £ a> and the Angle E*i = 

BEx 
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BEcc (die Sum or Difference of the Angles BEI and 
lEct)- therefore the Sides E/ and cci may be found. 
JJut Ei is the Diftancc of the Moon fiom the Sun 
in the Ecliptic, and on £ o& the Moon's Latitude at 
the Time when the Centre of the Shade is at 6 5 
which may be compared with the Computation from 
the Tables for that Time. 

By this Means I ccfmparcd the aforcfaid Solar 
Eclipfcs with the Tables, and found the Difference 
in Longitude and Latitude, as follows. 
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The Agreement there is between the two lafl of 
thefc Differences in Longitude, fhews that the Ta- 
bles reprcfent the mean Motion of the Moon's Apo- 
gee very well for above 700 Years, the Moon being 
very near her Perigee at the Time of one of r hole 
Eclipfcs, and near her Apogee at the Time of the 
other. 

By the fame Method I alfo compared the Sun's 
T ; .ctipfe, July 29, 1478. (which appears, fiom what 
is related of it, to have been carefully obferved by 
Bernard Walthcr at Nuremberg), with the Tables, 
and found the Difference in Longitude to be -|- 10' 
29", and in Latitude -]-<)' 12". This wide Dif- 
ference in Latitude, from the Tables, that agree lb 
well with the former ancient Obfcrvations, con- 
firmed me in the Opinion, that the .Nuremberg 

Obfcr- 
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Obfervations arc too inaccurate to determine any 
thing from them in this Affair. 

The Eclipfes recorded by Ttolemy in his Alma- 
gefty are nioft of them fo loofely described, that, if 
they fticw us the Moon's .mean Motion has been 
accelerated in the long Interval of Time fince they 
happened, they are wholly incapable of (hewing us, 
how much that Acceleration has been. There are 
indeed two or three of them attended with lucli 
lucky Circumftances as not only plainly prove, that 
there has been fuch an Acceleration, but aifo help 
us to guefs at its Quantity. One of thefe is the £c- 
Jipfe, faid by Hipparckus to have been obferved at 
Batylon,mthc 366th Year of Nahnajfar,ih< Night 
between the 26th and 27th Days ofTLcth, when a 
fmall Part of the Moon's Disk was echpfed «rom the 
North Eaft, half an Hour before the End of lu Night, 
and the Moon feteclipfcd. This was in the Year before 
Chrift 313, ^Decemh. 22. The Middle of this Ec- 
lipfe at Bahylon ( iuppofing with TioUmy the Me- 
ridian of taat Place to be 50' in Time Ealt of the 
Meridian of Alexandria)^ by my Tables was "Dec. 
22. 4 h 4/ apparent Time; the Duration was \ h 37', 
'Ptohmy makes it i h 30' neatly 3 whence the Be- 
ginning fhould have been about S h iy' after 'Mid- 
night: According to Tt)iem\ the Night at Bahy- 
lon was at nat Time i/ r h 24/ long, and therefore 
Sun rife at y h 12' after Midnight; and as the Moon 
had then South Latitude, and was not quite come 
to the Sun's Opposition, her apparent Setting mud 
have been fomethins fooner, /. e. more than an 
Hour before tha Begimung of the Eclipfc, accord- 
ing to ttie Tables; whereas the Moon was (ecu 

Y * eel ip led 
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eclipfed feme Time before her Setting} which, I 
think, demonftrates, that the Moon's Place muft 
have been forwarder, and confequcntly her Motion 
fmce that Time lefs than the Tables make ir by 
about 40 ; or 50'. But the computed Place of the 
Moon in each of the before-mentioned Solar Eo 
lipfes obferved at Grand Cairo, being about 8' be- 
fore her Place, from Obfervation (hews us, that the 
mean Motion of this Luminary has been fomething 
greater in the laft 700 Years than the Tables fuppofe 
it, and therefore muft have been accelerated. 

This Acceleration is further confirmed by the 
Eclipfe, which Hipparchus fays was obferved at 
Alexandria^ in the 54th Year of the fecond Calip- 
pic Period, the 16th Day of Mejjori, when (he fays) 
the Moon began to be cclipfcd half an Hour before 
her Rifing, and was wholly clear again in the Mid* 
die of the third Hour of the Night. This was in 
the Year before Chrift 201. Sept. 22. The Middle 
of this Eclipfe at Alexandria by the Tables was 
Sept. 22. y k 44' apparent Time ; and the Duration 
3* 4', which makes the Beginning at 6 h 12' appa- 
rent Time, that is, about io' after the rifing of the 
Moon at Alexandria, or 40' later than the Begin- 
ning from Obfervation. This Difference in Time 
makes a Difference of near 20' in the Moon's Place. 

The moft antient Eclipfe of which we have any 
Account remaining, namely that related by 'Ptole- 
my, to have been obferved at Babylon the firft Year 
of Mardokempad, in the Night between the 29th 
and 30th Days of Thoth, in which the Moon began 
to be eclipfed when one Hour after her Rifing was 
fully paft $ if, by reafon of the Latitude of the Ex- 

prefiion, 
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predion, it be not a direct Proof of the Accele- 
ration,, it may neverthelefs help to limit its Quantity. 
This Eclipfe was in the Year before Chriit 721, 
March 15?. The Middle whereof at Babylon, by the 
Tables, was March 19. io h 26' apparent Time; 
and the Beginning at 8 H 32', the apparent Rifing 
of the Moon at that Place was about j h 46' After- 
noon; fo that the obferved Beginning of the Eclipfe 
was at lead 6 h 46' Aftctnoon, /. e. not above i| K 
before the Beginning, by the Tables : Wherefore the 
Moon's true Place could precede her Place by Com- 
putation but little more than jo' at that Time. 

If we take this Acceleration to be uniform, as the 
Obfervations whereupon it is grounded are not fuf- 
ficient to prove the Contrary, the Aggregate of it 
will be as the Square of the Time: And if we fup- 
pofe it to be 10" in 100 Years, and that the Tables 
truly reprefent the Moon's Place about A. *D. 700. 
it will beft as;ree with the before-mentioned Ob- 
fervations > and the Difference between the Moon's 
Place by the Tables and her Place in the Heavens, 
will be as follows. 
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SIR, 

2 our humble Servant, 

Richard Dunthorne. 



XV. Alberti Halleri, Archiairi Reg. Medi- 
an. Prof. Getting. & R. S. lend. S. 

Fabrics morbofae in cadaveribus repertas 
hiftoriae aliquas. 

OBS, L 

WJ^s.jN femina quadragenaria reperi Vcnani 

J 749- j^ C avam inter renalis finiftra: origincm, 

ft inter iliacas venas, enormiter anguftatam, ut vix 

quid- 



